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On the Properties of Magnetically Shielded Iron as Affected by 

Temperature, 
By Ernest Wilson. 

(Communicated by Dr. J. A. Fleming, F.E.S. Received March 20,— Read 

May 7, 1914.) 

In a paper recently read before the Society,* it was shown that if a 
specimen of stalloy in ring form is placed within an iron shield and then 
subjected to a magnetic force of about 2 C.G.S. units, its permeability is 
increased. Moreover, careful demagnetisation was found to increase the 
permeability at the low forces at the expense of permeability at the higher 
forces. Further experiments have been made with the same material in 
ring form at high temperatures. It was thought that if the stalloy, when 
its temperature passes through the value at which the magnetic quality is 
regained on cooling, was simultaneously subjected to a magnetising force and 
shielded from the influence of the earth's magnetism, the permeability might 
be increased further. This has been found to be the case. 

[JSfote added May 7, 1914. — My attention has been called to a paper by 
Messrs. H. Pender and E. L. Jones on "The Annealing of Steel in an 
Alternating Magnetic Field." These authors have obtained high values of the 
permeability (see the ' Physical Review,' 2nd Series, April, 1913, vol. 1, No. 4).] 

In an earlier paperf experiments were described in connection with two 
small stalloy rings which have been used in the present experiments. 

In Table I the present experiments are numbered in the order in which 
they were made, and the curves are numbered in correspondence with them. 

Ring No, 1. 

The specimen, which had been heated several times above the temperature 

at which magnetic quality is lost, was wound with an asbestos-covered wire 

and placed in a small iron box, the whole being heated in a gas furnace to 

the neighbourhood of 800° C. About two hours were required to heat the 

specimen. It was allowed to cool inside the magnetic shield previously used 

and described (loc. cit), and at the same time it was subjected to a steady 

magnetising force of 312 C.G.S. units. About five hours were required to 

cool it to atmospheric temperature. When at atmospheric temperature the 

specimen was taken out and tested for magnetic permeability. The figures 

were obtained whilst gradually reducing the force and are given in Table I, 

^ ' Roy. Soc. Proc.,' A, vol. 90, p. 179 (1914). 

t 'Phys. Soc. Proc,,' vol. 23, Part 4, p. 253, June 15, 1911. 
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Experiment l^and plotted in Curve 1. In all the other experiments the force 
has been increased gradually. It will be seen that the permeability rises 
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to about 10,000. The ring was then stripped and re-wound with cotton- 
covered primary and secondary windings, the secondary winding being next 
to the stampings, and this operation gave rise to considerable mechanical 
disturbance. Experiment 2 shows that the maximum permeability has 
dropped to 8330, and the initial permeability is small. On demagnetising 
the specimen (Experiment 3) the effect previously observed is produced, 
namely, the initial permeability is increased and the maximum reduced. 
On again polarising the specimen with a force of 6*16 and leaving it for 
four days the ring was subjected for about half an hour to a high alternating 
force having a maximum of 24 C.G.S. units at 80 complete periods per 
second. This caused the plates to vibrate and give the characteristic 
sound. After an interval of two days Experiment 4 was then made. It 
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will be seen that the maximum permeability went up to 8320, and that the 
initial value was lower than in Experiment 3. Experiment 4 also includes 
the taking of a few hysteresis loops, the particulars of which are given in 
Table II. In the same table are also given figures taken from a normal 
specimen of stalloy which had been demagnetised most carefully.* The 
maximum values of the magnetic induction happen to be very nearly the 
same. It will be noticed that the coercive force Ho in the present experi- 
ments is smaller for this value of the induction, whereas the residual 
magnetism Bq is larger. The ergs per cycle per cubic centimetre are less in 
the ratio 705/1030. 

Table II. — Hysteresis. 









Parmea- 


Ergs per 


Coercive 
force. He. 


Residual 


Expfc. 


Umax. 


Bmax. 


abiiity. 


cycle per 
cubic cm. 


magnetisTTi, 


j"^ 


6-223 


369 


1655 


5-53 


-0646 


116 


4 


0-471 


2800 


5940 


215 


0-306 


2100 


0-726 


6040 


8320 


705 


0-404 


5150 


Vi« 


2-77 


10460 


3780 


1750 


0-488 


9020 


* Eoy. Soc. Proc.,' 


1-354 


6050 


4470 


1030 


0-60 


4666 


A, vol. 80, p. 548 














(1908) 















Bing Ho. 2. 

This specimen ha& been cooled several times to the temperature of liquid 
air, and it was mentioned in the earlier paperf that such treatment had 
the effect of increasing permeability when in a demagnetised condition. 
It has behaved somewhat differently from Eing ISTo. 1, that is to say, wheii 
the specimen has been polarised in the shield the maximum permeability 
has not suffered so marked a change as might have been expected from the 
earlier experiments. After a preliminary test (Experiment 5), as it was 
originally left after the cooling experiments, the ring was divested of its 
winding and raised to a temperature of about 800° C. It was then, allowed 
to cool in the shield without any applied magnetic force. On re- winding it 
the permeability was found to be slightly smaller (Experiment 6). The ring 
was then wound with an asbestos-covered coil and allowed to cool from 
about 800° 0. in the shield, with a steady force of 14 O.G.S. applied 
constantly. Experiment 8 was then made. As in the case of Eing No. 1, 



^ * Roy. Soc. Proc.,' A, vol. 80, p. 548 (1908). 

t ' Phys. Soc. Proc.,' vol. 23, Part 4, p. 256, June 15, 1911. 
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a maximum permeability of over 10,000 was obtained/ and it is larger than 
in the case of Eing No. 1, for the higher values of the magnetic induction. 
Curve 8 can be compared with Curve 1 in this connection. The specimen 
was then re-wound and Experiment 9 made. The effect of mechanical 
disturbance has again been to lower the maximum permeability, but in this 
case to 7230, as against 8330 in the case of Ring No. 1. After demagnetising 
the specimen from a force of 8*95 C.G.S. units Experiment 10 was made. It 
will be seen that, although the permeability at low forces is increased, the 
maximum value is not diminished, as might have been expected. 

In each of the above cases no allowance has been made for slight possible 
burning away of magnetisable material. 

Ring No. 3. 

In order to compare the results above described with those obtained by 
treatment in the shield without heating, another specimen of stalloy was 
chosen and as the polarising forces used in the original paper were small, it 
was thought well to try the effect of a larger one. Eing No. 3 was polarised 
to a force of 174 C.G.S. units in the shield, and Experiment 11 was then 
made. The maxinuim permeability in this specimen has the value 6900 as 
against 5900 in the earlier experiments. Demagnetising the specimen from 
H = 2 C.G.S. imits has increased the permeability at the lower forces but 
not seriously affected its maximum value. Curve 12 is interesting, as it 
shows that the moderate maximum permeability of 6900 gives rise to higher 
permeabilities at the larger values of the magnetic induction. 

Electric Resistance, 

An experiment has been made to discover whether the specific resistance of 
stalloy is affected when it has been subjected to cold treatment in the shield, 
and has yielded a negative result. 

Conclusion, 

The experiments show that the permeability of stalloy in ring form can 
be increased greatly by heat treatment, that is by allowing the material to 
cool through the temperature at which it becomes a magnetisable substance 
during the time that it is shielded from the influence of the earth's magnetism 
and subjected to a magnetising force. Values of the permeability higher than 
10,000 have been obtained. A characteristic feature of the curve of permea- 
bility and magnetic induction is that the, higher the maximum permeability 
the lower is the permeability at the higher values of the induction. The 



On NewcomVs Method of Investigating Periodicities, 349 

dissipation of energy due to magnetic hysteresis is lower than in the normal 
stalloy specimen for a given value of the magnetic induction. 

The above experiments were made in the Sir William Siemens Electrical 
Engineering Laboratory, University of London, King's College. I wish fco 
thank my laboratory attendant, Mr. George Jones, for the assistance which he 
rendered. 



On NewcomVs Method of Investigating Periodicities and its 

Aj^plication to BrUckner^s Weather Cycle. 

By Prof. Arthur Schuster, Sec. E.S 
(Received April 21, — Read May 7, 1914.) 

During the last few years of his life Prof. Simon Newcomb was keenly 
interested in the problem of periodicities, and devised a new method for 
their investigation. This method is explained, and to some extent applied, 
in a paper entitled ''A Search for Fluctuations in the Sun's Thermal 
Radiation through their Influence on Terrestrial Temperature." The 
importance of the question justifies a critical examination of the relation- 
ship of the older methods to that of Kewcomb, and though I do not agree 
with his contention that his process gives us more than can be obtained 
from Fourier's analysis, it has the advantage of great simplicity in its 
numerical work, and should prove useful in a certain, though I am afraid, 
very limited field. 

Let/ (2^) represent a function of a variable which we may take to be the 
time, and let the average value of the function be zero. Newcomb examines 
the sum of the series 

f{tl)f(tl + t) +f(t2)f(t2 + t) -¥f(tB)f(ts + t) + . . ., 

where ti, t2, etc., are definite values of the variable which are taken to lie 
at equal distances from each other. If the function be periodic so as to 
repeat itself after an interval r, the products are all squares and each 
term is positive. If, on the other hand, the periodic time be 2t, each 
product will be negative and the sum itself therefore negative. It is easy 
to see that if r be varied continuously the sum of the series passes through 
maxima and minima, and the maxima will indicate the periodic time, or any 
of its multiples; 
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